Background: Cisplatin (CP) is one of the most effective antineoplastic drugs used for the treatment of various solid tumors. However, the nephrotoxic effect of CP limits its clinical use. The present study aimed to evaluate the possible protective effect of misoprostol (MP) against cisplatin-induced nephrotoxicity.
Introduction
Cisplatin (CP) is a divalent water-soluble inorganic platinumcontaining complex that is widely used in the treatment of various tumors of the different systems of the human body [1] . However, accumulation of CP within the tubular epithelial cells at the coticomedullary zone leads to the development of nephrotoxicity that limits its clinical use [2] .
The exact pathophysiological mechanisms implicated in CPinduced nephrotoxicity are still not fully understood [3] . Several such mechanisms have been suggested including lipid peroxidation and oxidative stress with increased production of reactive oxygen species (ROS) [4] and induction of superoxide anion [5] .
Several antioxidants have been used to protect against the deleterious effects of CP on the kidney [4, 6, 5] . Misoprostol (MP) is a synthetic methylene prostaglandin E1 (PGE1) analogue that is used in the treatment of peptic ulcer [7] . The ROS scavenger effect of MP has gained a considerable interest within the past few years [8] . In addition, MP has antiapoptotic and cytoprotective effects as well [9, 10] . The effect of MP on CP-induced changes in lipid peroxidation and antioxidant enzymes in rat kidney has been investigated [6] . However, no study was done to clarify the possible protective effect of MP on the CP-induced changes at the ultrastructural level in rat kidney.
The present study was designed to investigate the possible protective effects of MP on CP-induced biochemical and ultrastructural morphological changes in rat kidney.
Materials and Methods

Animals and drugs
Twenty-four adult male Wistar albino rats were used in the present study. The rats were obtained from the animal house, Faculty of Medicine, Zagazig University, Zagazig, Egypt. The rats were conditioned for one week at room temperature. The rats were provided with commercial balanced diet, tap water and ad libitum throughout the experimental period. CP (Unistin vial, EIMC, Cairo) and MP (Misotac, SIGMA, Egypt) were used in this study. Each Unistin vial (50 ml) contains 50 mg cisplatin ( 1ml/1mg CP). Each tablet of MP contains active ingredient MP 200µg and inactive ingredients Croscarmellose sodium, Aerosil 200, microcrystalline cellulose. humidity of 50-60%. Rats in group I (control) and group II (CP-treated) were given 1 ml of distilled water orally for 9 days and were injected with a single dose of 0.5ml normal saline intraperitoneal (i.p.) (group I) or a single dose of CP 7.5 mg/kg body weight i.p. (group II) on the 5 th day. Rats in group III (MP-treated) received MP 200µg/kg body weight orally for 9 consecutive days and were injected with a single dose of 0.5ml normal saline i.p. on the 5 th day. Rats in group IV (MP+CP-treated) were treated with oral dose of MP 200 µg/kg body weight for nine days then were given a single dose of CP (7.5 mg/kg BW. i.p.) on the 5 th day. th and 9 th days of the study to calculate the initial and final body weights. The rats were anesthetized with ether and sacrificed on the 10 th day (6 th. day of CP injection). Blood samples were collected from the heart by direct intracardiac puncture.
Kidney function assessment
The blood samples were centrifuged at 3000 rpm for 15 minutes, the serum was separated and used within 48 hours for estimation of the blood urea nitrogen (BUN) and creatinine levels [11, 12] .
Kidney as ratio of body weight
The two kidneys of each animal were excised, washed with ice cold normal saline, cleaned from the surrounding fat, dried by filter paper and weighed. The weight of the wet Kidney and its relative weight of wet kidney to the body weight were calculated using the following formula, organ ratio (%)= organ weight (gm) × 100/ body weight (gm).
Light histological examination
Kidney sections were fixed in 10% neutral-buffered formalin solution for 48 hours, dehydrated in ascending grades of ethyl alcohol, cleared in xylol and embedded in paraffin wax blocks. 3-5 µm sections were cut using Lieca microtome, washed in water bath and left in the oven for dewaxing. The sections were stained with hematoxylin and eosin (H&E), Masson's trichrome(MTC), and Periodic acid Schiff 's (PAS) [13] . The H&E stain revealed the general histological architecture of the renal parenchyma. PAS stain was used to determine the concentration of polysaccharides, neutral mucopolysaccharides and glycoproteins within the cellular elements of renal structures, where the kidney sections were incubated with periodic acid for 5 minutes and washed with distilled water. The sections were then incubated with Schiff 's reagent for 15 minutes and counter-stained with hematoxylin for 30 seconds. MTC stain was used for demonstration of the collagen connective tissue distribution within the renal structure. The stained tissue slides were mounted with DPX and covered with cover slips to be examined under the light microscope (Nikon E800).
Electron microscopic examination
From each animal, kidney specimens (1 mm   3 ) were cut and fixed into 3% glutaraldehyde buffered with 0.1 M phosphate at 4°C. After rinsing in the buffer, the samples were post-fixed in 1% osmium tetroxide for 2 hrs at 4°C. The specimens were washed and dehydrated in ascending grades of ethyl alcohol. Then, the samples were treated with propylene oxide solution and embedded for one hour in a mixture of 1:1 Epon-Araldite. Polymerization was done in the oven at 65°C for 48 hrs. The kidney sections were cut with a glass knife on LKB-2000S, ultramicrotome, mounted on glass slides and stained with buffered toluidine blue. The appropriate areas were selected with the light microscope. Ultrathin sections (60-70 nm) were cut with a diamond knife on an LKB ultramicrotome, then mounted on copper grids and double stained with uranyl acetate and lead citrate to be examined under the electron microscope (Joel 100s TEM).
The present study was conducted in accordance with the guidelines for animal research from the National institutes of health and after the approval of the medical ethical committee on animal research at Zagazig University, faculty of medicine, Zagazig, Egypt.
Statistical analysis
All data were expressed as mean ± SD. The data were subjected to SPSS software version 16. The significance of differences between the mean values were calculated using unpaired Student's t-test. P-value<0.05 were considered to be statistically significant.
Results
Effect of CP and / or MP on body weight of rats
Comparing the initial and final body weights of rats in different groups, a significant weight gain (P<0.001) was detected in control and MP-treated rats. Conversely, a significant weight loss (P<0.001) was recorded in the CP-treated rats. Significant difference was observed in the final body weight of the other two groups versus those of the control rats (P<0.001). Moreover, a significant difference was detected between the final body weight CP-treated and MP-treated rats (P<0.001). In MP + CP-treated rats group, a restoration of the body weight loss was observed compared to the cisplatin-treated rats group. Moreover, a significant difference of kidney weight of the CP-treated, MP-treated and MP + CP-treated rats was noticed versus that of the control rats at P< 0.005). The kidney/body weight ratio revealed significant difference (P<0.005) in both CP-treated and combined MP + CP-treated rats when compared to the control rats ( Table 1) .
Effect of CP and / or MP on kidney function biomarkers
Creatinine and BUN levels in the MP-treated rats showed no significant difference when compared to control, whereas an highly significant difference was recorded in creatinine and BUN levels in cisplatin-treated rats (P<0.001) when compared to control and combined MP + CP-treated rats ( 
Light microscopy
The renal cortex of control rats revealed a normal corpuscular and tubular histological structure ( Figure 1A ). In CP-treated rats, degenerative changes were markedly apparent within the proximal tubules and to a lesser extent within the distal tubules and renal corpuscles ( Figure 1B ). The proximal tubules within the deep cortical zone showed degeneration, necrosis and apoptotic nuclear changes of their epithelial cell lining. Luminal dilation with accumulation of homogenous cast and loss of apical microvilli (brush border) was also observed. The distal convoluted tubules revealed luminal dilatation with excessive cast accumulation. The renal corpuscles showed dilated capsular space with condensed glomerular capillary tuft. Peritubular mononuclear inflammatory cell infiltration, vascular congestion and focal hemorrhagic areas were noticed within the renal cortex as well (Figure1B). The renal cortex of the MP-treated rats revealed inflammatory cellular infiltration and vascular congestion (Figure1C). In the MP and CP-treated rats, mild tubular degeneration with luminal dilatation and mononuclear cell infiltration were seen within the renal cortex ( Figure 1D ).
The renal medulla of control rats showed normal tubular structure ( Figure 2A ). In CP-treated rats, mild tubular degeneration, peritubular cellular infiltration and congestion, dilated loops of Henle with accumulation of cast were observed within the renal medulla ( Figure  2B ). In MP-treated rats, peritubular congestion was seen in the renal medulla ( Figure 2C ). In MP and CP-treated rats, mild dilatation of Henle' loops with cast accumulation and peritubular cellular infiltration were noted in the renal medulla ( Figure 2D ). The control rats showed normal distribution of collagen fibers in the capsular wall, peritubular and around the blood vessels within the renal cortex ( Figure 3A) . The amount and distribution of the collagen fibers showed no morphological difference in the other three groups ( Figure 3B-3D ) compared to those of the control rats.
In control rats, a strong positive PAS reaction was observed in brush border and basal membrane of proximal tubules, basement membrane of distal tubules and within the outer glomerular layer ( Figure 4A ). In CP-treated rats, as most of the brush border was destroyed, a positive PAS reaction was noted only in the remaining brush border of the proximal tubules and basement membrane of both proximal and distal tubules ( Figure 4B ). In MP-treated rats, a positive PAS reaction was observed in the brush border and basement membrane of proximal tubules, basement membrane of distal tubules and parietal layer of Bowman's capsule ( Figure 4C ). In combined MP and CP-treated rats, a positive PAS reaction was observed in the regenerated brush border of the proximal tubular cells, the basement membrane of both proximal and distal tubules and outer layer of Bowman's capsule ( Figure 4D ).
Electron microscopy
The renal corpuscle of control rats revealed normal ultrastructure ( Figure 5A ) The podocyte of the inner layer of Bowman's capsule had central intended nucleus surrounded by lighter cytoplasm. This podocyte had thick primary cytoplasmic processes that extended and subdivided into many thin secondary cytoplasmic processes on the outer aspect of the basal lamina of many glomerular capillary loops. Slit diaphragms of the capillary loops were seen between the secondary cytoplasmic processes. In close proximity to the basal lamina of the glomerular capillary, the mesangial cells were seen. These mesangial cells were characterized by small darkly-stained nuclei surrounded by little electron-dense cytoplasm. The glomerular capillary had a continous basal lamina with fenestrated flat endothelial cell-lining. A narrow capsular space was observed between the podocyte and the basal lamina of the capillary tuft ( Figure 5A ).
The renal corpuscle in CP-treated rats revealed widening of the capsular space, dilation and congestion of the glomerular capillary with fusion of the secondary foot processes of the podocytes in certain areas ( Figure 5B ). The renal corpuscle of the MP-treated rats showed many mesangial cells in-between the capillary loops. Vaccules of different sizes, shape and contents were seen within the cytoplasm of the mesangial cells ( Figure 5C ). In combined MP and CP-treated rats, a few mesangial cells and regular distrubtion of the secondary foot processes on normal capillary basement membrane with narrow capsular space were noticed in the renal corpuscle ( Figure 5D ).
The ultrastructure of the proximal tubular cells in control rats showed numerous long densely packed apical microvilli projecting within the tubular lumen and regular basement cell membrane with many basal infoldings. Basal oval heterochromatic nucleus with central dense nucleolus, surrounded by many mitochondria, lysosomes and apical vacuoles, pinocytotic vesicles and a few singly distributed short rough endoplasmic reticulum cisternae ( Figure 6A ).
In CP-treated rats, the proximal tubular cells revealed reduction of cell size, number of basal infoldings, apical lysosomes and pinocytotic vesicles with fragmentation and shedding the apical microvilli. In addition, small sized nuclei with irregular nuclear envelope, margination of nuclear heterochromatin with loss of nucleolus, condensation and reduction of mitochondrial size were seen in the proximal tubular cells as well ( Figure 6B ). In MP-treated rats, the proximal tubular cells had oval basal nuclei with peripheral nucleolus. The cell cytoplasm contained many elongated mitochondriae and a few vacuoles and lysosomes. The luminal surface of the cells had long densely packed microvilli ( Figure  6C ). In combined MP and CP-treated rats, the proximal tubular cells revealed oval euchromatic nucleus with peripheral electron-dense nucleolus, numerous elongated mitochondria, perinuclear electronlucent vacuoles, a few apical lysosomes, many apical pinocytotic vesicles and long microvilli ( Figure 6D ).
The Distal Tubular Cells (DTC) of the control rats revealed regular trilaminar basement membrane with many basal infoldings, sharp luminal outline and wide lumen. Moreover, numerous basal elongated and round-shaped mitochondria, a few basal lysosomes and short rough endoplasmic reticulum cisternae were seen within their cytoplasm. The cells showed spherical apical nucleus with a central or peripheral electron-dense nucleolus (Figure 7 A) . In CP-treated rats, the distal tubular cells revealed marked thickening and irregularity of the basement membrane, many basal infoldings. Their cytoplasm contained many elongated mitochondria, a few degenerated mitochondria, Numerous long microvilli (mv) are seen at the luminal side of the cell; 6B) in cisplatin-treated rats, marked reduction of the cells size and different apoptotic nuclear changes (N2) with margination of the heterochromatin (ch) on the inner aspect of the nuclear envelope (en) are seen in many cells. Also, thickness of cell basement membrane (BM) with absence of its basal infoldings, many smallsized condensed mitochondriae (M) with different shapes and fragmentation of the apical microvilli (mv) are noticed as well. 5C) the proximal tubular cell shows basal oval euchromatic nucleus (N) with peripheral nucleolus (n), many round and elongated basal mitochondria (M), few lysosomes (Ly) and numerous long microvilli (mv) in misoprostol-treated rats; 6D) normal basement membrane (Bm), large-sized oval basal euchromatic nucleus (N)with peripheral nucleolus (n), electron-lucent vacuoles (V), few apical lysosomes (Ly)and long numerous microvilli are observed in the proximal tubular cell in combined misoprostol and cisplatin-treated rats. The cells contain numerous normal elongated basal mitochondriae (M), many basal lysosomes(Ly), few short rough endoplasmic reticulum cisternae (RER) and apical round euchromatic nucleus N) with central nucleolus (n). Well delineated apical cell membrane without microvilli and wide tubular lumen (L) are seen in the control rats; 7B) thick basement membrane (BM) with increase number of basal infolding (F), nuclear degeneration (N) and fragmentation of nuclear envelope (ne), presence of many phagolysosomes (Ph), scattered vacuoles (V) and degeneration and reduction of mitochondrial number (M) and apical tight junctions (J) between the cells are seen in cisplatin-treated rats; 7C) normal basement membrane (BM) with many basal infoldings (F), many elongated basal mitochondriae (M), central oval euchromatic nucleus (N), few electronlucent vacuoles (V) and apical tight junctions (J) with presence of intercalated cell (ICC) between the distal tubular cells are observed in misoprostol-treated rats; 7D) normal basement membrane (BM) with many basal infoldings (F) and intercalated cell (ICC) are seen in the combined misoprostol and cisplatin-treated rats. Also, numerous elongated normal basal mitochondriae (M), few lysosomes (Ly) and phagosomes (Ph), basal vacuoles (V) and apical round euchromatic nucleus (N) with peripheral nucleolus (n) are seen as well.
many lysosomal vacuoles and phagosomes in close proximity to the mitochondrial membrane. Apoptotic nuclear changes were seen within few cells, where the nucleus showed marked reduction of its size, loss of its nucleolus and heterochromatin with disrupted nuclear envelope ( Figure 7B ). The distal tubular cells of MP-treated rats showed central oval euchromatic nucleus, numerous basal mitochondria and many electron-lucent vacuolar. Tight apical junctions and longitudinal intercalated cells were observed (Figure 7 C) . In combined MP and CP-treated rats, the distal tubular cells revealed regular many basal infoldings with many elongated mitochondria and a few vesicles inbetween. The cells had apical spherical euchromatic nucleus with peripheral nucleolus ( Figure 7D ).
Discussion
CP is one of the common and effective antineoplastic chemotherapeutic drugs, although its side effects mainly nephrotoxicity, limit its therapeutic uses [2] . The exact underlying mechanism of CPinduced nephrotoxicity is not well known. However, one of the main mechanisms of CP nephrotoxicity is the oxidative stress [14, 15, 16] .
Oxidative stress leads to the generation of reactive oxygen species (ROS) with suppression of the mitochondrial antioxidants and cellular injury [17] .
In the present study, a significant reduction of the body weight, decrease of kidney weight and increase of the kidney weight/body weight ratio were recorded in CP-treated rats compared to control rats. These findings agree with other investigators who reported that the nephrotoxic effect of CP produced marked reduction of the rats' body weight with a significant increase in the relative kidney weight [14, 18, 19] . Such reduction of the body weight in CP-treated rats might be in part due to gastrointestinal toxicity and concomitant loss of the animal appetite with subsequent reduction of food ingestion [20] or due to excessive loss of water, salts and proteins as a result of renal injury with subsequent dehydration and weight loss [19] . The changes of kidney weight to body weight ratio in CP-treated rats could be due to tissue damage and reduction in their functions [7] .
The results of the present study revealed marked elevation of creatinine and BUN levels in CP-treated rats compared to control rats. In agreement with our results, Mansour et al. [14] and Sueishi et al. [15] reported that the nephrotoxic effect of CP was evidenced by a significant increase of creatinine and BUN levels. The increased creatinine level in CP-treated rats might be due to glomerular damage as a result of ROS generation [14, 15] . The ROS inhibits the activity of the antioxidant enzymes in renal tissues with increased lipid peroxidation and nephrotoxicity [5] .
In agreement with the results of present study, Abdelmeguid et al. [18] ; Azu et al. [19] ; Ozer et al. [6] reported that the light microscopy of CP-treated rats renal sections revealed marked tubular degeneration, necrosis and desquamation of the tubular epithelial cells with cystic formation, interstitial cellular infiltration, wide capsular space and congested glomerular capillary tufts. The authors added that the oxidative stress was the major pathway of CP nephrotoxicity. This oxidative stress inhibits the antioxidant enzymes and generates the ROS that destroys the lipid, protein and DNA components of the cell with subsequent enzymatic inactivation and mitochondrial dysfunction. In the present study, the morphological findings of CP-treated rats revealed glomerular and tubular affections. These morphological findings could explain the disturbances of both glomerular and tubular functions, where these disturbances might be the main cause of reduction of body weight, increase the relative kidney weight, elevation of creatinine and BUN levels.
Similar to the findings of the present study, the nephrotoxic effect of CP was concentrated mainly on the proximal convoluted tubules at the cortico-medullary zone [21] , where the necrotic and apoptotic changes of the renal tubular cells are probably due to the direct effect of the intracellular CP [14, 15] . The accumulation of CP within the cells promotes the generation of the ROS via different pathways [4] . Such ROS might play a role in the pathogenesis of tubular cell apoptosis but probably had no role in the tubular necrosis. Thus, the mechanism of cisplatin-induced renal tubular necrosis was thought to be concentration-dependent [16] . In disagreement with this, massive necrosis and subsequent regeneration of renal proximal tubular cells with minor papillary injury and no glomerular morphological changes were observed in CP-treated rats [22] .
Antioxidants were suggested to have a protective role against CP-induced nephrotoxicity mediated by oxidative stress [14, 15, 16] . Therefore, several studies were performed to minimize the nephrotoxic side effect of CP using different antioxidants [4, 18, 19, 23, 16] . Recently, MP has gained considerable interest as an ROS scavenger [8] in addition to its antiapoptotic or cytoprotective effects [9, 10] . The antioxidant effects of MP prevented liver damage by reducing oxygen free radicals after carbon tetra-chloride (CCl4) exposure [8] . The cytoprotective effect of MP was based on to increase mucus and HCO -3 secretion, with a subsequent increase the negative electrical potential of maximal barrier as a result of reduction of the back diffusion of H + , to increase the blood flow of the mucus, to increase the regenerative capacity of the epithelial cells [23] . Moreover, MP blocked the apoptotic changes that were generated through the toxic effect of D-galactosamine [24] . The results of the present study revealed that the oral intake of MP limited the histopathological changes of CP-nephrotoxic changes. Moreover, Asci et al. [25] postulated that, MP had beneficial effects on methotrexate-induced hepatic and renal toxicity in rats.
Asci et al. [25] reported that, the reduction of CP nephrotoxicity by the concomitant use of MP was evidenced by significant reduction of creatinine and BUN levels as well as marked reduction in protein loss in urine. In the present study, co-administration of MP+CP improved the histopathological findings of CP -induced renal toxicity, where only mild tubular degenerative changes were noticed in the combined MP and CP-treated rats. The beneficial renoprotective effect of MP in CP-treated rats might be due to its antioxidant and / or cytoprotective, antiapoptotic effects or other unknown mechanism [25, 26] .
Our study showed marked ultrastructural changes in CP-treated rats compared to control rats. These changes were most prominent in PCT and to a lesser extent in DCT and renal corpuscles. The findings of the present study are in agreement with those of other investigators [6, 18] .
Moreover, the nephrotoxic effects of CP were more pronounced at the cortico-medullary zone. This might to be due to the exposure of this zone to a high concentration of CP through the nutrient blood flow to the kidney with subsequent accumulation of a high percentage of the drug within the cells [27, 28] . Alternatively, the affection of the tubular cells within the cortico-medullary zone might be due to the cumulative effect of CP within the renal tissues as the kidneys are the main execratory outlets for either intravenous or intraperitoneal CP [29] . The light and electron microscopic findings of the present study confirmed these explanations.
Conclusion
This research has provided significant insights into the biochemical and ultrastructural changes of the kidney in the CP-treated rats and the possible protective effect of misoprostol. Co-administration of MP with CP resulted in a reduction of the biochemical and morphological changes of CP-induced nephrotoxicity. Thus, the present study provides promising results about the ameliorative effect of MP on CP-induced nephrotoxicity. The results of the present study could be used to plan an effective strategy for the safe use of the CP in humans.
Further studies are needed to explain the exact protective mechanism of MP against CP-induced nephrotoxicity and to verify whether co-administration of MP with CP could affect the antineoplastic action of CP in experimental tumor animal models.
